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between a variation in z and a correspondin variation in 

1. e., all the e s  for which the corresponding u’s on the 
right-hand side of the h t  equation in (1) are not zero, 
are increased b a certain quantity d ,  whereas all the 
other e’s, i. e.! d t h e  e’s on whch y depends but z does not 
de end remam constant. If we represent by 5’ the new 
v 2 ue of x, and by y‘ the new value of y after the increase 
in the e’s, then when we take account of equations (7), 
(s), and (2) we have readily 

y. Let us suypose that all the e’s on whic % z depends, 

y’-y= ( m - p -  )a.d, 
2‘--2 = (m-p)u i . 

Since the units in terms of which z and y are measured 
are in general arbitrary, it is apparent that we need to 
introduce sonie standard unit for each of them before we 
can attach any definite si dicance to a comparison of 
their changes in value. #he natural way to choose R 
unit for ths purpose is to relate its size in some definite 
way to the range of variability of the variable quantity 
concerned. Ths can be done b choosing as a unit the 
stundurd deviation of each variab r e. The standard devia- 
tions of the e’s, as stated above, are given by equation (6). 
The standard deviation of any other variable is defined 
in an analogous manner. Hence in view of equations 
(3), (4), (6), (7), (8) ,  and (9), we have for the standard 
deviations of x and y 

R may be said to be a good measure of the closeness of 
relationship between the two variables since it measures 
the extent to which a typid change in one variable 
causes a corresponding change in the other variable. If 
now we set 

we obtain from (11) and (12) 

Hence in this particular case r=R,  and r may therefore 
be said to be a good measure of the degree of relationship 
between z and y. 

It is easy to see, however, that cases niay arise in 
which r and R differ considerably in value. Su pose, 

following conditions : 
for example, that the u’s of equation (3) satis P y the 

u 11 = U  12 = * . * ~c,p=U*,m+,= * 

% l = ~ a p =  . * . (IZp=Ul,m-p+l= * * . u , ~ = I O U ,  
U * ~ = O ,  

= . - - * - ( i = l ,  2,), 
(m = 102p) 

Then we fhd  by substituting in formulae (5) and (13) 
that 

T = 0.5, R= 0.9. 

Under still other su positions the discrepancy between 
the values of r and ma be still greater. aence it is 
a parent that r may not asways be a good measure of the 
c P osenms of relationship between two variable quantities. 

The chief conclusion to be drawn from the foregoin 
discussion is to a considerable extent a negative one. fi 
is shown that it is possible to state conditions under 
which the coefficient of correlation as calculated from 
e uation (1) will furnish a reliable measure of the degree 

is also shown that in cases where these conditions are not 
approximate1 fulfilled, the coefficient of c.orrelation will 

As there seems to be 110 way of determining in any par- 
ticular case whether or not the conditions we have stated 
are satisfied, it is apparent that considerable cltution 
should be observed in drawing definite inferences from 
the value of a coefficient of correlation. 

o g. relationship between two variable quantities. But it 

not iiecessari r y be a good measure of this relationship. 

RAINFALL IN CHINA, lwH)-1811.’ 

By CO-CHINQ CIIU, A. M. 

[Dated: Cambridge, Mas., Mar. 21, 1916.1 

INTRODUCTION. 

As the fluctuation in rainfall from year to year is great, 
it is always a difficult matter to discuss the subject and 
draw isohyets with accuracy and intelligence unless we 
have a long series of reliable observations well dis- 
tributed over the region under cliscussion. 

China has been backward on all subjects meteorological. 
The data on rainfall in China are mostly spasmodic, mtc- 
curate, and limited to recent years only. The data on 
rainfall in this article are baaed on Rev. Louis Froc’s 
work “La Pluie en Chine, duraiit uiie eriod de onze 
ann6es, 1900-191 1 ,” published by the &tholic Mission 
of Zi-ka-wei, Shanohai, China. These are, no doubt, 
the most recent an8 a t  the same time the most reliable 
data on the rainfall in C l ~ i a .  In  all, there are 88 s t s  
tions, divided into four classes accordin to the length of 
the record of rainfall. I n  the fiht c f ass, which com- 
prises 34 stations, all escept 4 have datu estending 
through the period of 11 years. The records of the 
remaining stations are incomplete, varying in length 
from ei lit to two or three years. The stations are not 

the const and the valley of the Yangtze River; in the 
northwest they are entirely wanting. The area of China 
proper, according to Mill’s International Geography, is 
a prosimately 1,300,000 square miles. Assumins that a i  the data of the 88 stations were available an that 
they were uniformly distributed, there still would be 
on1 one station to every 1,500 square miles. A is evident that a rainfall map based upon these data 
can on1 be tentative. If the stations were more nunier- 

over a longer period, the map would be probably quite 
different from what it is. 

very we K 1 distributed, but are concentrated mostly along 

ous an d better distributed, and if the records extended 

RAINFALL CONTROLS. 

In  the main, there are three factors which control the 
amount and seasonal distribution of precipitation in 
China, (1) the monsoon, (2) the topography, and (3) the 
cyclonic distribution. 

(1) Mon.soon.-The monsoon is [t seasonal wind 
which is best developed in Asia, owing to the vastness of 

1 A Study d d  aS patt Of the rB uirements f a  the degree Of A. M. Ut H ~ a r d  Unl- 
versit in 1015- prepared under the Birection of Prof. A. 0. McAdie nnd R. De C. Ward. 

9 WLther thk summer southeast w M  in China should be called rcmcmsoon’a or “trade 
wind’‘ is controversial sccord 
by him, MONTEY W~b-%mmw, January, 1915, 4324. 

to hfr. B. C. Wallis. See the extract from a paper 
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Month. Yellow Sen. 

January ...... N., 30; NW.,32..  ..... 
February ..... N.,25 ................. 
Mar& ........ NW.,18; N.,15 ....... 
211 ......... SE.. 18 ................ 
June.. ...... SA., 3% S., 20.. ....... 
August ....... 8. 15 .................. 
September ... N.’,20 ................. 
October ...... N.,  25 ................. 
November ... N 14 ................. 
December .... N:: 32; NW., 25... .... 

ay .......... s. 35... ............... 
July .......... S., 25 .................. 

that continent. The Siberian HIQH in winter and con- 
tinental LOW in summer make eastern Asia specially 
favorable for the development of that wind. 

Along the Chinese coast the wind is on-shore and wet 
in summer and offshore and dry in winter. The wet or 
southeast monsoon can be best appreciated in southern 
and central China along the coast. In  Hongkong or 
even in Shanghai the summer wind is usually humid and 
heavily laden with moisture, which, coupled with high 
temperature, ives one an oppressive and “muggy” 
feeling. The i ry or northwest monsoon is best devel- 
oped in northern China, where the winter is unusually 
dr and dusty. 

%he following wind percentages along the Chinese 
coast are taken from the United States Hydrographic 
Office pilot chart for the year 1914-15. 
TABLE 1.-Percentages of the predoniinmnt winds along the Ch,inese coast. 

Estunry of the Ynngtze. 

N.. 35. ................ NE.,  55. 
N 30 ................. NE.,55. 
N2.,30 .............. N E  50. 
SE..22 ................ NE:) 35. 

SE:: k... ............. SW” 2?1; NE.,  20. 

Sd ‘5 ................ SW., IS; NE.,  IS. 
NE’.’,>S.. ............ N E  40. 
NE., 30; N. .  25 ........ NE:: d. 
NW., 14; N., 12 ....... NE..W. 
XW., I ............... NE., 55. 

Furmosa Channel. 
- 

SE os ................ NE ‘40. 

S. 25; SE.. 25 ......... SW:: 28; S., 18. 

JanUWUlg.. .................. 
February.. ................ 
March ..................... 

ay ....................... 
June ....................... 
July ....................... 
August.. .................. 
September.. ............... 
Octoher .................... 
November. ................ 
December.. ................ 

Total.. .............. 

p l  ...................... 

From the above table we see that the wind on the 
southern coast is much more steady than on either tho 
northern or the central const. From October to March 
the wind a t  Hon koiig or its neighborhood is northerist 
50 per cent of t.ie f time or niore. Only in the t.liree 
summer months is the prevalent mind from south or 
southwest. The north or northwest wind is a.lmost nil 
in this part of t,he coast. The northeast wind is t.he 
regular Trade, which great,ly decreases in strength alnii 

in whiter and southeast in sunirner gradually incmase in 
their percentages. 

(2) Topogmphy.-The topownpliy of Chinix proper 
is quite mountainous. Rougi& speaking, about 50 per 
cent of the countr is above the 1-kilometer contour. 
Unlike the highlm& in the United States, the Chinese 
highlands are in the fonn of plateaux and not in the form 
of mountains or ridges. In the south tlie coast is quite 
steep, while in northern and central Cliinn, owing to the 
delta of the Yellow River and the Yangtze, t,he coasts are 
usually low with the exception of the region near the 
Shantung Peninsula. 

(3) .C‘yelonic distribution.-’rhere are three main aths 

Mongolia, and Manchuria; ( 6 )  those which originate in 
China proper and Tliibet; and ( c )  those which originate 
in Pacific Ocean, Eastern Sea, or Yellow Sea. 

The datu on the storm tracks contained in this article 
were taken froni the nieteorological reports published in 
Zi-ka-wei, Shanghai, for the years 1901-1910. The storms 
were studied individually and classified atccording to 
their o r i v .  The Siberian storm usually originates 
west of Ir-utsk, and travels east, crossing eastern Mon- 
golia, southern Manchuria, and thence to northeastern 

tlie cenbral and northern coasts, while the northwest win d 

of cyclones: (a) Those stornis which originrtte in Si B eria, 

12 
D 

20 
2s 
!a 
17 
6 
1 
7 

11 
1s 
16 

171 

I Fm a comurehensive descriution of the touomuhv of China. sea Mill’s International 

7 
4 

11 
5 
6 
5 

5 
4 
5 

6.4 

-h- , & tar on China. - The beat to c 6  liic-mnp Is probably the one contained 
In L &&et “Corn ehensive Geogra %y o?China ’’ Shnn h i .  1807. See also the 
phot;, phic reproduct% of a German Emsometric h a p  of & h a  (given by Black- 
weldea% R m r t  of the Smithsonlnn Institution for the year endlngJune30.1913. Wash- 

3 2 3  
16 
21 

7 2 5  

8 
2 

11 
9 
13 

177 

* E  
a 5  

China in Chi-li or Shantun ; or more often from Man- 
churia directly enters the f apanese Sea and thence to 
Okhotsk Sea. The direction southeastward changes 
to northeastward, and the average time for the passage 
is about six days. These storms may a.ho origlnate 111 
Mon olia or Ma.nchuria. The storms‘of the second group 

Lake Tongting or in the Province oPSzechuang, and 
arrive a t  the coast near Nankin on the second day, and 
leaving it on the third for the &tstern Sea, wlience they 
go to Okhotsk Sea by way of tlie Japan Islands. The 
direc.tion of tlie storm path on the continent is eastward. 
The centers of low pressure that originate in the Pacific 
are mostly what are known as typhoons or baguios. 
The stoiw track of this gron lius been extensively 

usually far from the continental coast and esert little or 
no influence on the rainfall in China, while in summer 
and early autumn they bring the heaviest minfitll. The 
storms in summer develop near or east of the Philippine 
Islands, ass thence to eastern Chinese coast and north- 
westwar x over the Japanese Sen or Japan Islands toward 
Kamcliatka. In  the suinmer no storni track can be 
traced over Bering Sea and the estreme northeast Pacific 
coast. 

The meteorological reports of Zi-ka-wei also contain the 
daily rainfall data of 41 stations in China for the years 
1901-1905, and a t  70 stations for the years 1909-1910. 
Sonie of the ad&itional stations are Japanese stations. 
The number of stornis recorded increases with years, and 
the location of the low centers is more clearly indicated 
in the later years, owing to the increase in the number of 
stat ions. 

Some of the stornis reported by the Zi-ka-wei Obsewa- 
tory are too far off in tlie ocean to affect the rainfall in 
China and a few pass too far north in Siberia. The fol- 
lowing 626 storms, which passed across or near China 

ro er, Manchuria, and the neighboring seas, were classi- 
kx?according to origin. 

usua % y have their low centers first ap ear south of tlie 

studied by Algu6 and others.’ f 11 winter t,lie storms are 

TABLE S.--Ckssi@ation of 626 sfornu that passed QWOSS or itcar Chi,na. 

5 

3 
1 

3 
1 
3 
2 
3 
1 

39 

7 0  
4 

7 4  
4 

12 
3 9  

14 
16 
19 
19 
10 
4 

115 

Chins proper type. I Typhoons. 

North South Eastern 
china. I China. I sea. 1 o ~ m .  I c ~ .  

0 
0 
0 
0 
0 
4 

14 

13 
B 
1 
0 

60 

20 

- 

Total. 

45 
41 
54 
67 
69 
64 
51 
45 
4s 
56 
45 
3s 

626 - 
The storms are well distributed as to the months. 

There are two maxima, one in s ring and the other in late 

and China pro er stornis and the second to tlie great 

these storms increases from sumnier to winter. For the 
storms of the first two types the velocity varies from 20 
to 40 miles (9-18 m. p. 9.) an hour in winter and from 15 
to 25 miles (7-13 m. p. s.) an hour in summer. For the 

fall. The first is due to the P requency of the Siberian 

number of typ $l oons in the autumn. The velocity of 

inpton; 1914. p. 386. 
4 For track8 of typhoons, 888 among othex works A4uL’a “Cyclones of the Far Enst,” 

phta 40. 
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NORTH CIIINA: 
Aigun .____...____.___.____...._____ 
Hmben ._.-..._...........__.__.___ 
Yukden ............................ 
Newchwang ... . . . ._. _.. .__. ._ _. . __. 
Chemulpo ..___.___.__.__.._._....__ 
Chefoo __..._.____..__.____..__...__ 
Tsingtau (Kiaochow) ._._. -. . . . . . . . . 
TammtIuA..: _......___._______.._.. 
Ningpo _......_...._________.__..___ 
Shanghai _.___.__._.___.____._.____. 
Chenkiang ......................... 
Wuhii ___....._...___._._._____.._.. 
Kiuklnng _...__.._._._._..____..__. 
IIwohkiu ....__.._........__....__. 
Hankow. .......................... 
Ichan .._.._._.....____...___._.___ 
Punnunlu _.___..._.__._____.__._.._ 
Chengtu ............................ 
Wenchow .......................... 
Foochorv ..._.__....__.....___...._. 
Amoy _.___.____....___..._._._._._. 
Swatow ............................ 
Rhnshui _..__....__......__...._... 
Hmgkong ...._....._....____...___. 
Palihoi __.______..___....__.__.._._. 

CENTRAL HIVA 

Chlm&ing ......................... 

SOUTll CIiINA, COAST: 

low Seas are not 
as oan easily be 

M E A N  A N N U A L  RAINFALL.  

There are three se arate rainfall districts in China: 

about 50 to 100 centimeters. As winter in north China is 
unusually dry, more than 60 er cent of the rain falls in 

wheat, barley, and other important crops. The maxi- 
mum comes m July or August and the minimum in Feb- 
ruary. Second, the Yangtze Valley, where the mean an- 
nual amount varies from 100 to 150 centimeters, decreas- 
ing very graduall from the coast inland. Here winter 

China, although the amounts are small. The maxima for 
most of the stations come in July and the minima in De- 
cember. The secondary mininia in May, and the sec- 
ondary maxima in January, are also typical. The third 
district is south China, where the mean annual fall is 150 
to 200 centimeters along the coast and 100 to 150 centi- 
meters at  the inland stations. The percentages of rain- 
fall in summer here again increase. The m&sinia come 

usually in June, but sometimes in August. 

Fir&, north China, w ! ere the mean annual amounts to 

the three summer months, w !il en it is most needed for 

rainfall is more B B undant than either in north or south 

Lati- 
tude 

(North), 

a ,  

49 50 
45 46 
41 48 
40 41 
37 29 
37 33 
36 01 
36 I8 

29 57 
31 12 
32 13 
31 20 
29 45 
32 22 
30 35 
30 42 
29 34 
25 04 
30 40 

28 01 
25 55 
24 27 
23 23 
23 06 
22 18 
21 29 

PIG. I.-Mean annual rainfall ul Lhinn (ceutimeLoru). 

Besides these three divisions, the island stations need 
to be grouped separately. It has been pointed out by 
Suprtli 5 that the rainfall on the islands dong the Chinese 
coast, instead of exceeding that on the continent, actu- 
ally decreases. The islands have a lower mean annual fall 
than have the continental stations on the sanie latitude, 
and this is specially true in the south. 

SOUTH C l l i ~ ~  INTERIOR: 
Wuchow.: ..____._.___...__...._... 
Lungchaw _______..__.._._.___.__._ Narnlng ........................... 

oSpe Ham, Klimatologle, 1911, v. 3, p. 305. 

23 I 
?2 42 
22 22 

TABLE 3.-Chinese stations used in the peaelit study, with annual rai@dl 
reduced to the pmod 1900-1911. 

Station. 

Shantung CAP.. ................... 36 54 
Chawei Shan .._..__......_._...___. 31 25 i ISLANII STATIONS: 

GUtZhff __.__....................... 30 49 ~ ~- ~~ 

North Saddle.. . . ._ _. _. . . . . . . . ._. . . 80 52 
Stqep Island.. . -. . . . _. . . . . ._ ... . . . . 30 13 
Pelpushan __._._.___...._......__._ 28 53 

....................... 25 5s 
;rdTem0ng&. . . . . . . . . . . . . . .. . . . . . . . 26 33 

Timabout: __._..__.._.._.._._..___ 25 26 
Oskseu ..__._____._..._..___.__._.__ I 25 00 
Chanel Island _______________ ._____ .  I 24 10 

-- 
Ian I- 

(East). 
tu& 

0 ,  

127 38 
126 50 
123 23 
122 16 
126 32 
121 22 
120 19 
115 IS 

121 15 
121 26 
119 25 
11s 20 
116 0s 
116 15 
114 17 
111 16 
1M 31 
I02 ?9 
104 03 

120 40 
119 21 

116 .IO 
112 53 
114 10 
l@J 07 

I l l  20 
108 03 
1M 45 

1?2 32 
122 14 
122 10 
la? 40 
122 35 
122 11 
122 30 
119 58 
119 56 
119 17 
118 80 
119 45 
11’1 17 
1% 15 
131 45 

i ia  M 

- 
Alti- 
tude. 

Uettrs. 
136 
147 
44 
3 

14 
3 

79 
0)  
10 
7 

12 
15 
20 

.16 
51.5 

230 
,930 
518 

3 
20 
4 
4 

10 
32 

5 

2 
122 
( 7 )  

12 
53 
i 5  
if 
63 
82 

111 
59 
65 
ti2.5 
55 
11 
5s 
9 

(?) 

!?I 

MefUl 
annual 
rainfall. 

Awm. 

588.2 

537.8 

432.5 
564.0 

638.2 
8 2 . 4  

118.2 
5m. 8 

1.331.0 
1,161.2 
1 11S.G 
1’300.7 
i:nio.3 

1: 112.7 

1: 024.9 

1 010.6 

1 035.8 

1,098.5 
881.5 

1 5iS.4 
1:514.6 
1,155.7 
1509.5 
1:iji.g 
2 034.1 
1: 9%. 5 

1 339.s 
1’ 110.1 
1:994.3 

i2.i. 3 
959.4 

1 Oi8.0 
1:020.0 

914.0 
1,12i. 9 iw. a 
1,181.7 
w. 9 
MI. I 

1,035.0 
1.024.5 
1,079.4 
1,676.6 
3,422.8 

Ymrs. 
w 
9 
0 
st 

11 
11 
11 
11* 

11 
11 
11 
11 
11 
11* 
11 
11 
11 
8 

11* 

11 
11 
11 
11 
11 
11 
11 

11 
11 
11 

11 
11 
11 
11 
10 
7 
G 
7 

11 
11 
11 

11 
( ? I  

I?) 
t ? )  

In all there are 44 stations. Most of tliein hore records 
for the whole period of 11 years. Those marked wit,li 
an * in the last column have records for less than 11 
years, but they have been reduced to this eriod by com- 

l’he method of reduction has been as follows: Su pose 
that station A has an incomplete record, let z {e its 
mean annual rainfall for the ohsorved period. Call the 
neighboring station with a record for the whole 11 yews 
station B and let R be the mean annual rninfnll of B for 
the whole 11 years, while S is the mean annual minfnll 
of B for the years correspondiii to the record a t  A. If 

then 

parison with a neighboring station of 7 onger record. 

we call y the mean annual rain r: all of A for the 11 years, 

The accuracy of the mean corrected annual rainfall, 
ascertained in this manner, de ends u on both the dis- 

etween the two 
stations A and B. The incom lete records of some of the 
tance and the difference of a P R  titude 

isolated stations have to be le P t uncorrected. 
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1 

January .......................................... 
~ e ~ a r p  ........................................ 
March.. .......................................... 
A ril ............................................. 
June.. ........................................... 
July .............................................. 
August.. ......................................... 
septernber ....................................... 
October.. ........................................ 
November ....................................... 
Deeamber.. ...................................... 

&y .............................................. 

Of the 8 northern statipns only 3 have complete rec- 
ords. Among the 11 stations alon the Yangtze, 8 sta- 

stations are complete. Among the island stations 3 
records, taken from the Journal of the Meteorological 
Society of Japan for 1915, are of unknown period. 

tions have complete records; and a 5 10 of the southern 

TABLE 4.-MonthZy percentuges for the miiyoaite stuEions.6 

Pm cent. 
1.5 
0.8 
1. I 
4.5 
7.5 

11.1 as. 4 
24.6 
9.7 
5.5 
3.0 
3.1 

I cfiE’t3 I 1 c%24 
stations). stations). stations). 

Pf-7 ccnt. 
4.1  
a 3  

in. 7 
8.4 

14.9 

11.0 
7.1 
6.9 
3.5 
2. 0 

6.1 

16.0 

-- 
Per C € d .  a. 5 

4.2 
6.1 
9.4 

11.5 
16.0 

14.0 
12.6 
5.4 
2.9 
2.8 

1a.a 

Month. 

~ ~ n e  .............. 
J ~ I Y  
August ........... .............. 

The records of north China are taken from the three 
stations Newchwang, Chefoo, and Tsingtau; those of 
central China from the following four stations: Shang- 
hai, Chenkiang, Wuhu, and Kiukiang; and those of 
south China taken from the four stations Wenchow, 
Foochow, Swatow, and Hongkong. 

The predominant influence of the monsoon is plainly 
seen in the decrease of precipitation from south to north, 
and the marked summer maxima. Esceptions axe to be 
found to the h t  statement, but they can be explained 
as due to the topographical or other local causes. Thus, 
the mean annual amount at  Chefoo is distinctly less 
than that at  Tsin au, although they are only a little 

mountains in the Shantung Peninsula, which has an 
elevation of about 1,800 meters a t  its highest point. 
Since the wind is northerly in winter and southerly in 
summer, and since preci itation comes mostly with the 

s ring dingtnu has more rainfall, and only in winter, 
t B. e dry months, does Chefoo receive more precipitation. 
The difference between the mean annual falls is more 
than 12 centimeters. 

The Yangtze stations in Table 3 are arran ed accord- 

along the valley of the Yangtze is noteworthy. The dif- 
ference in preci itation between Shanghai, on the coast, 
and Chentu, wlich is more than 1,500 miles from it 
and approximately at the same latitude, is only 28 centi- 
meters. Hence, the isohyets along the Yangtze are 
almost parallel to the latitudes, and the gradient is very 
small compared with t8hat on the southern coast. “Ius 
is probably due to the fact that while the elevation of 
land along the Yan tze is gradual the slope of the 

As stated before, the mean annual amount decreases 
from south to north. As a whole this is true, but on the 
southern coast we find a notable exception in the case of 
Amoy. The deficiency of preci itation in the region 

map (fig.. 1). The probable explanation is to be found 
m the ram-shadow effect caused by the high mountains 
in eastern Formosa. Indeed, that effect is more marked 
on the islands in Formosa Strait and on the stations on 
the western coast of Formosa itself. Thus, while Kelung 
situated a t  the northeast of the mountain, has a mean 

distance apart. T t e difference is owing to the rugged 

souther1 wind, the resu f t is that in both summer and 

ing to the longitude. The uniformity of i istribution 

southern coast is muc E steeper. 

around Amoy can be seen plain P y on the mean annual 

6 Hann, op. cit.. vol. 3, p. 304. 

NE. E. SE. 8. SW. W. Wet. Dry. -------- 
a0 12 la 18 a t ~  of cra a t ~  ia 13 12 17 as 9 5 4 3 5  
18 11 13 13 18 O? 56 18 

annual of 342 centimeters, Tainan on the western side of 
it, has a little less than half that amount and the island 
stations in Formosa Strait less than a third. The de- 
ficiency is more marked in Amoy than in Foochow or 
Swatow, artly because h i o y  is almost at  the center of 
the rain s a d o w  and partly because there are some hills 
around Amoy. 

All the 44 stations have the niasirnum in summer, with 
the exception of Kelung, on the enst coast of Formosa, 
where the maximum comes in late autumn or winter. 
The masima in northern China, as already pointed out, 
occur about a month later than those in southern China. 
The minima of the northern stations come also late in Feb- 
ruary. Without a single exception, among the lower 
Yan tze stations u to Hankow, there is a decrease of 

to Hongkong, with the esce tion of Amov and Swatow, 
which are unduly influenced $J y the rain shadow effect of 
Formosa, the mean monthly amount for July is dis- 
tinctly less than either that of June or Ai t. This 
latter fact has been pointed out by Julius ;ff” ann in his 

c l i ~ t % f ~ m ~ i n i m u m  was long known to the Chinese 
living in the south; but they described it as two maxima, 
one in early summer and one in late summer. Baron 
von Richthofen in his letter on the Provinces of Chekiang 
and Nghanhwei, also mentioned the fact that while he was 
travehng in southern part of Chekiang in the month of 
July he was not seriously detained by rain, which was a 

eat advantage over the traveling in the northern 
Eovinces 3.t. that period. 

rain B all in the mont t of May. On the coast from Ningpo 

Under the column “Wet” are included winds from 
northeast, east, southeast, and south; and under the 
column “Dry” are included winds from west and south- 
west. The sum total of percentages of each month is not 
100, owing to certain directions not shown in the chart. 

I Hann, op. cit., v. 3, p. 305. 
8 The early-summer rain of southern china IS dS0 h 0 W n  8 S  the “sB(Ls0Il Of the plum 

rain 
Kor;a,” this &VIEW, N o v e m k ,  1905, a 4 7 9  (Jour., metl.)soc. Japan. Sept., 1905). 

88 was ointed out by Prof. !?’. Otada in his paper “The rainfall of China and 
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The relatively high percenta es of precipitation in 

the second group, which usually travel alon 
of the Yan tze. By examining the table o storm fre- 

pro er types of storms all have their masima in winter 
and'spring A further iuspeckion of the daily rainfall 
data revea the fact that the Siberian storms usually give 

central China in winter is probab 9 y due to the storms of 

quency (Ta f le 2) we see that the Siberian and the China- 
f the 

is rarely affected b the storms of the first or second 
groups. The ra infd  in this region mostly comes with a 
typhoon. In  order to see whether there is any correlation 
between the number of typhoons and the mean annual 
rainfall of south China, curves of the number of storms 
in the 10 years 1901-1910 and the mean annual rainfall 
of Hongkong were plotted in the diagram, figure 2. There 
is some resemblance between the two curves, although 
it is not very close. 

To determine the storm type and its relation to rainfall 
and cloudiness, sis storms were chosen, one each to rep- 
resent Siberian, Mongolian, south and north China, and 
the coast and ocean typhoons. The tracks of these LOWS 
were drawn on the map presented in fi 
storms are, in general, representative of t eir respective 
t es. They are all taken from the last two years in 
or ?i er to have the data of the accompanying daily rainfalls 
more complete. 

T" 3. These 

FIG. I.-'l'yplcSl tracks of storms of dil7eerPmt origins crossing Chlna and Japan. 
The successive %hour a. m. pdtlons of the storms are lndlcated by the locations of 
1 8  berla type J&b+ i-7 1910. 

2- Yon lla t y b  April 1-5 '1910. 
3- Nor$China t h e  Ma dl-June 3 1910. 
I - Y a n p  Valley tip, fun8 11-16, i9lO. 

th; r e s r t i v e  Qurea 1 2 3 etc. The typas and their respective dates 8re 88 follows: 

S - C O ~ ~  typh- October 14-%I 1909. 
60- typhod, MW a-12, isio. 

The amounts of rainfall recorded at  different stations 
during each storm are taken from the Zi-ka-wei Observa- 
tory reports; the figures given are as follows: 

Storm No. 1, Siberia type, January 2-7, 1910; with 
the exception of Mukden, where the amount was 1.8 
millimeters on January 4, 1910, there was no precipita- 
tion in China. In Japan, on the Sth, Tokyo received 
2.4 millimeters, and several other Japanese stations 
recorded livht rainfall. 

Storm $0. 2, Mongolia type, April 1-5, 1910; on A ril 

1.0 millimeter; the rest of the northern Chinese stations 
had clear weather; while Nemuro (lat. 43'N., long. 145'E.) 
on the 5th had 18.9 millimeters. 

Ptsorm No. 3, North China type, May 31June 3, 1910; 
in iiorth China, Chefoo had 54 millimeters on June 1, 
1910, and Newchwang had 37 millimeters as the total 
of three days. The rest of the nort,hern stations all had 
li h t  rain, while the Yangtze and southern stations were aff clear. Tokyo received 50 millimeters. 

Storm No. 4, Yangtze Valley type, June 11-16, 1910; 
of the northern stations Newchwang had 1.3 millimeters, 
Tielitsin 32.5, Chefoo 30, and Tamingfu 106. Of the 
central China stations the total amount received was: 
Chungking 3.0, Ichang 47.5, Chentu 0.0, Hankow 144.0, 
Shanghai 166.5, and Ningpo 51.4. Of the southern 
stations, Wenchow had 7.9 millimeters, Foochow 10.3 
Anioy and Swatow had no preci itation, Hongkong had 
2.3. In Japan, Tokyo receive850 and Nagasaki 232 
millimeters . 

Storm No. 5, Coast typhoon, October 14-20, 1909; 
the stations which had precipitations were Foochow 

3 with 50 millimeters, Am0 48, Swatow 20.4, Hongkon 
327.2, Shanshu 192.6, an B Wuchow 53.2. Pakhoi an 
Lungchow had none. 

Storm No. 6, Ocean typhoon, May 3-12, 1910; this 
particular ty hoon had no effect on southern China. 
f i e  central Ainose coast wRs cloucly. 

3, 1910, Newchwang received 3.8 millimeters, Ta f ou 

In general, we can say that with the exception of 
storms belonging to Typo No. 5, which disap ear while 
on the continent, those of the remaining Hve t y r  
converge upon the northern Japanese islands and t en 
&sap ear over the Pacific; some can be traced even to the 
Paci 2 c coast of North America. 
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’”pes 1 and 3 give very little rainfall, and Type 3 
only ight rainfall in northern China and no effect at all 

rainfall at  lower Yangtze stations, but onl light rainf 26 in central or southern China. Type 4 gives quite hea 

northern coast. Type 5 is the heaviest rain brin er to 
southern China, but i t  has little effect in central%hina 
and the LOW seldoni goes up to Shantung. No. 6 has 
but little influence on the prec.ipitation of China, and 
usually comes in winter. 

over the upper Yangtze region, the sout K ern, and the 

FIG. 5.-Rainfall isomers fur China for the three winter months (l!UW-lQll). 

The stations Poochow, b o y ,  and Swatow are so 
unfavorably situated that they receive only light rainfall 
during the storms of T pes 4 and 5 when there is heavy 

deficienc 

them to. 

the whole period, and that was in 1902 in Shantung. 

rain to the north an B south of them. This causes a 

receive P ess than t R eir position would seem to enti t? e 
of preci itation a t  those stations and the 

Tornadocs.--There was only one tornado throughout 

ABSOLUTE DAILY A N D  MONTHLY MAXIMA, AND SNOWFALLS. 

Pakhoi, the southernmost station, has the distinction 
of having the hi hest extreme annual, monthly, and 
daily maxima. &ese occurred in three different years. 
The extreme annual maximum is 2,691.3 millimeters, or 
about 100 inches. Such amount is of common occurrence 
in the United States, specklly on the high mountains 
of the Northwest. The extreme monthly masimum a t  
Pakhoi occurred in July, 1900, and the amount is 952.9 
millimeters; and the daily maximum occurred June 27, 
1903, the amount being 319.5 millimeters, or about 13 
inches. Tho masimum daily rainfall in the United 
States is about 20 to 25 inches and the maximum monthly 
rainfall about 7 1 inches,@ considerably more than those 
recorded in China. This no doubt is due to the longer 
record which is to be obtained in the United States. 

Along the southern coast in Hon kong and Pakhoi and 

fall conic3 in the three summer months, June, July, and 
August. In  central China, south of the Yangtze, the 
percentage for the same three months is smaller, about 
40, wbile in the region north of Yellow River more than 
60 per cent of the mean annual comes in these three 

their neighborhood more than hd 7 of the mean annual 

e For some maximum dallv and monthlv rainfalls in the Unitad Statw 888 McAdWS 
(Weather Bureau bulletin L), pp. 171- “Climatology of California.J~‘Wrtshinngtrm.iS03. 

172. 

months. This is of much importance to north China, 
since the rainfall in this part of the country is l i g h t  
about 750 millimeters, or 30 inches-and as winter in north 
China is very cold. If a large portion of the precipita- 
tion should c.ome in winter it would be in the form of 
snow, and hence be of little use to the farmers. 

The percentages in the three winter months-Decem- 
ber, January, and February-vary from 15 per cent in 
central China along the coast to about 1.5 per cent in 
Mukden. In  northern China the preci itation in these 
three months sll comes in the form o ! snow, while in 
central China. the precipitation pn.rtly consists of ra.in. 
In  the month of January, Pekin is a little colder than 
Boston. It has a monthly mean of 24OF., or 268.3’8., 
while in central China, Sha.nghai has a monthly mean of 
37.2”F., or 276.1°A., in January. At Nin o or even 
a little south we have snow every year, pro r ably five or 
six times annually, while at  Canton or Hongkong snow 
is rare. 
5.. I , ; :’. !. y . .  . 

AMEBICAN DEFINITION OF “SLEET.” 

By CLEVELAND ABBE, Jr. 

[Dated: Weather Bureau, June 30, I916.l 

In  undertaking to collect and discuss American sta- 
tistics of the occurrence and the amount of ice coating 
or “glaze” (a term just adopted for the coating) depos- 
ited on electric tra.nsniission and other lines, the Weather 
Bureau had forced on its attention the prevailing diver- 
sity in the use of the terms “sleet,” “ice storm,” “glazed 
frost,” “silver thaw,” “glare ice,” eto. As the phe- 
nomena bearing these names are all more or less of public 
interest, it is very necessary that our names for them 
shall be clearly defined and as specific as possible in appli- 
cation. The chief difficulty met with seem to be the 
revailing uses of the word “sleet”; accordingly, on 

fanuar 6, 1916, the Chief of the Weather Bureau ap- 
pointeza (‘committee to formulate sug estione of an 
ap ropriate nonienclature of sleet * * g:, 1 

{he committee thus appointed considered the subject 
froni the five points of view: (1) Etymology of the word 
“sleet” ; (2) early definitions; (3) modern definitions ; 
(4) meteorological usRge; (5 )  Weather Bureau usage. 
It will be convenient to discuss the committee’s report 
in this manner. 

1. ETYMOLOGY. 

The word “sleet” is of uncertain derivation. Murray 
in the New En lish Diction , finds thaC it robably 

honetically derived from sliatj) nnd is related to the 
biddle Low German word sl6tt (LG. sldte, slate), Mid- 
dle High German sZ6ze, sZ6z and German scMosse, which 
mean ‘i hail.” Murray goes on to sa that the Norwegian 

have the sense of “sleet,” but that it is difficult, to 
associate any of these phonetical1 with the English 
word. 
“splash” or “slap”; and thus suggest, the action which 
is repeatedly associated with slit in the early En lish 
authorities quoted by Murray. This si ificance wit  be 
recalled later in connection with usage 

The committee sent out a large number of re uests for 

trhe above derivations was received in reply. 

represents the 6Id English 7 ( nglian) s Z t  (wzoh was 

dialectal sktta, the Danish slud, an (9 the Icelandic sZydda 

(These Scandinavian wor B s seem to mean 

information on this subject, but nothing in a 9 clition to 

1 The members of the committee were Prof. H. C. Frankenfield (chairman), Prof. C. 
Fitzhugh ‘l‘alman, bfr. P. C. Day, and Cleveland Abbe, jr. 


